INTRODUCTION

Multiparametric magnetic resonance imaging (mpMRI) is becoming
were available for 28 patients after the MRI examination, while no pathological findings were available for the other 25 patients during the 3 months following the MRI examination.
Magnetic resonance imaging protocol
The mpMRI examinations were performed on a 3T scanner (Achieva TX, Philips, Best, The Netherlands) with a 32-channel phased-array coil. 9 In all patients, the sequences were performed in the following order: T1WI, CTD, MISS, and DCE. The same imaging coordinates were used for the CTD and MISS imaging. The detailed scan parameters for these sequences were presented in Table 1 . The acquisition time for the CTD was 6 min and 10 s, while the acquisition time for the MISS was 4 min and 30 s.
In this study, the MISS technique describes an interleaved scanning method involving the simultaneous acquisition of 3D T2WI and 2D DWI. Each shot of the DWI scan was interleaved in the duration between the two repeated cycles of the 3D T2WI scan, so that the 3D T2WI and 2D DWI could be sampled simultaneously during one repetition time.
Imaging analyses
The prostate MRI images were retrospectively interpreted by two experienced radiologists (WW [reader 1] was a radiology resident with 5 years of experience in prostatic and oncological imaging and XYW [reader 2] was a staff radiologist with 20 years of experience in prostatic and oncological imaging) on the Picture Archiving and Communication System (PACS) of the radiology department. The two readers were blinded to the clinical information and pathological results.
The two radiologists were asked to independently grade the CTD images using a 3-point scoring system (1, not clearly defined; 2, moderately defined; and 3, clearly defined), in terms of the presence of delineation of the prostate zonal anatomy, prostate capsule, nerve vascular bundle, and seminal vesicles. The image quality of each CTD sequence was also scored by the two readers with regard to sharpness, contrast, deformation, and image artifact (1, poor image quality for diagnosis, not interpretable; 2, evident distortion, limited detail or delineation of lesions with surrounding tissue, acceptable image quality for diagnosis; and 3, excellent image quality for confident diagnosis and sharply defined borders, no distortion).
The two readers identified the index lesion together. Reader 1 was asked to measure and calculate the relative contrast of the index lesion on T2WI and its signal ratio on an apparent diffusion coefficient (ADC) map, according to previously described methods. [10] [11] [12] This procedure was used to provide a rough estimate of the relative signal contrast, irrespective of the overall image noise, and to eliminate the effect of signal differences between the different sequences. 13 The relative contrast of the index lesion and the signal ratio were calculated according to the following equations: relative contrast of index lesion = (SI Normal − SI Lesion )/(SI Normal + SI Lesion ), where SI is the signal intensity, and signal ratio = ADC Lesion /ADC Normal . A region of interest (ROI) was drawn in the index lesion and in a normal-appearing corresponding area of the prostate. For each patient, the ROIs were fixed at the same size (3-10 mm 2 ) and were drawn at the same level in the CTD images. PI-RADS scores were assigned for each individual patient according to the index lesions on CTD, 14 with the two readers giving the PI-RADS scores for each individual patient independently at the same time. If there were discrepancies between the two readers, a consensus was obtained through discussion. After a period of 4 weeks to avoid any recall bias from the CTD assessment, the same readers evaluated the MISS acquisitions following the same process. For each patient, the ROIs of the MISS images were drawn at the same level as those of the CTD images. One reader then compared the subjective and objective evaluations of the CTD with those of the MISS and evaluated the diagnostic efficacy of the PI-RADS scores based on CTD with those based on MISS.
The two readers were also asked to state their preference between MISS and CTD using a 3-point scale (1, prefer CTD; 2, no preference; and 3, prefer MISS). This preference was determined according to the following criteria: comparison of structural display, imaging quality, and contrast of the index lesion, according to the reader's subjective feelings.
Histopathologic correlation
For 28 patients, histopathologic results (n = 28) were obtained by ultrasound-guided systematic and targeted biopsy within the 3 months following the MRI examination. Transrectal ultrasound-guided systematic biopsies using needles of ≥6-core (usually 12-or 13-core needles) plus targeted biopsies of any area suspicious for malignancy were performed in all 28 patients by urologists in the operating room. All biopsy specimens were evaluated by a dedicated genitourinary pathologist to determine the presence of PCa, with the Gleason score being determined in positive cases. There were 12 cases of clinically significant PCa (Gleason score ≥7), 3 cases of nonsignificant cancer (Gleason score = 6), 1 prostatic intraepithelial neoplasia, 6 chronic prostatitis, 1 benign prostatic hyperplasia, 4 prostate tissue with absence of gland basal cell, and 1 seminal vesicle schwannoma. The diagnostic efficacy of the CTD and MISS MRI images of the 28 patients was evaluated against the histopathology results, which were considered the gold standard.
Statistical analyses
All statistical analyses were performed using SPSS version 20.0 (IBM Corp., Armonk, NY, USA). Data from 53 patients were used to compare structure delineation and image quality, lesion contrast, and preference choice. Data from the 28 patients for whom histological results were available were used for comparisons of diagnostic efficacy. A kappa coefficient was used to assess agreement between the observers, with a value of κ ≥ 0.60 being considered to indicate good interobserver agreement. P < 0.05 was considered statistically significant. As variables were described in the form of count data, the Wilcoxon signed-rank test was used to determine differences in structure delineation and image quality between MISS and CTD. Paired-sample t-tests were used to assess the difference in the contrast of index lesion between MISS-T2WI and CTD-T2WI and between MISS-ADC maps and CTD-ADC maps. Bland-Altman analysis was implemented using GraphPad Prism 6.0 (GraphPad Software Corp., San Diego, CA, USA), to validate the differences between PI-RADS scores based on MISS images and those based on CTD images. Receiver operating characteristic (ROC) curves were generated to illustrate the predictive accuracy of the PI-RADS score for clinically significant PCa.
RESULTS
Subjective evaluation of structure delineation and image quality
The interobserver reproducibility was substantial for the subjective image evaluation, both for the CTD (κ = 0.65) and for the MISS (κ = 0.80).
The CTD-T2WI, CTD-DWI, MISS-T2WI, and MISS-DWI were all rated as having clear structure delineation (a score of 3). The MISS-T2WI scored higher than the CTD-T2WI for delineation of the fine structure of seminal vesicles (reader 1, CTD Table 2 and 3). There were no evident differences in the delineation of prostate zonal anatomy, prostate capsule, nerve vascular bundle, and image quality between MISS-T2WI and CTD-T2WI (Table 2 and 3). There were also no evident differences in structure delineation and image quality between MISS-DWI and CTD-DWI ( Table 4 and 5).
Objective evaluation of lesion contrast on T2WI and DWI
For the index lesion of each patient, the contrast ratio on MISS-T2WI was higher than that on CTD-T2WI (mean ± s.d.: MISS-T2WI: 0.27 ± 0.12 vs CTD-T2WI: 0.21 ± 0.13; P < 0.001; Figure 1 ). Out of all 53 cases, 32 lesions were in the peripheral zone (PZ), 19 lesions were in the transitional zone (TZ), 1 lesion surrounded the urethra, and 1 case was without any lesion. MISS-T2WI showed a higher contrast ratio for the lesions, both in the PZ (mean ± s. 
Diagnostic efficacy with PI-RADS score
Bland-Altman plots were used to evaluate differences between the PI-RADS scores based on CTD and those based on MISS. These showed that the PI-RADS scores assigned according to CTD and MISS were within the limits of agreement (mean difference±1.96 times the standard deviation of the differences), except for two cases. The PI-RADS scores based on CTD and MISS had similar diagnostic abilities (area under curve [AUC] = 0.828 and 0.854) for predicting the presence of clinically significant PCa. The sensitivity and specificity of the PI-RADS scores were the same, whether based on MISS or CTD (sensitivity = 0.917 and specificity = 0.750). A PI-RADS score ≥4 was the imaging diagnostic standard for clinically significant PCa.
Reported preference for image interpretation
Reader 1 preferred to use MISS for image interpretation in 41.5% (22/53) of cases and had no preference for the other 58.5% (31/53) of cases. Reader 2 preferred to use MISS for image interpretation in 47.2% (25/53) of cases and had no preference for the other 52.8% (28/53) of cases.
DISCUSSION
In this study, patients with a prostate lesion were scanned with both a MISS sequence and conventional sequences, to allow evaluation and comparisons between the techniques. Three-dimensional T2WI was reformatted in three orientations as axial, sagittal, and coronal images for lesion detection and characterization. The readers judged that the delineation of the fine structure of seminal vesicles and prostate lesion contrast were better on 3D T2WI from the MISS acquisition than on the conventional acquisition. Overall, the MISS and CTD acquisitions were shown to have the same diagnostic accuracy. According to PI-RADS v2, DWI is the dominant sequence for the diagnosis of PCa in the PZ, while T2WI is the best for evaluating cancer in the TZ. 15 DCE-MRI has a secondary role to T2WI and DWI, and it is often difficult to differentiate focal enhancement of small PCa, especially in the TZ. 5 Previous publications have shown images including axial, sagittal, and coronal T2WI, axial T1WI, and DWI series with ADC maps and have shown that the assigned DWI and T2WI scores can be sufficient for the stratification of patients for further diagnostic workup. 6, 16 Hoeks et al. 17 concluded that the cancer detection and localization accuracy of biparametric MRI (AUC = 0.81) for high-grade PCa in the TZ was not inferior to that of mpMRI (AUC = 0.84).
The MISS sequence took proximately 4 min and 30 s to acquire, saving 1 min and 30 s of acquisition time compared with the two CTD sequences. The MISS sequence is more efficient because of the interleaved scan design for the 3D T2WI and 2D DWI (Figure 1) . The otherwise empty duration between the two repeated cycles of 3D T2WI scans is filled by a shot of the DWI scan; therefore, the 3D T2WI and 2D DWI data can be acquired simultaneously during one repetition time. Another advantage of MISS is that the 3D T2WI and DWI are acquired in the same scan location, with more accurate and effective lesion registration, which is especially important for the guidance of target biopsy and local treatment. 18, 19 The results of this study demonstrate that clearer seminal vesicle structures and a higher contrast ratio can be obtained on MISS 3D T2WI than on conventional 2D T2WI. The 3D T2WI sequence uses nonspatially selective refocusing pulses with short echo spacing to achieve extended echo trains and subsequent rapid acquisition of individual k-space planes and is termed "sampling perfection with application-optimized contrasts using different flip angle evolutions. " This sequence has been proposed as a method for efficient acquisition of 3D T2WI data sets. 10, 20 Mugler et al. 21 found it was feasible to use 3D T2WI to obtain volumetric data sets of the brain, while another study found the benefit of using 3D T2WI as a magnetic resonance cholangiopancreatography sequence, with improved bile duct visualization and reduced artifacts. 22 In our study, we demonstrate that 3D T2WI offered greater image contrast for PCa detection than 2D T2WI, echoing a recent publication from Rosenkrantz et al. 11 stating that 3D T2WI had significantly greater tumor-to-peripheral zone contrast. The higher contrast between lesion and background could help in the differentiation of PCa. Furthermore, compared with three orthogonal multislice T2WI acquisitions (axial, sagittal, and coronal planes, as is often performed in practice), 3D T2WI images may be reformatted in all orientations, as required for lesion detection and characterization, and obviously with a shorter acquisition time than three separate 2D sequences.
PI-RADS v2 emphasizes the concept of a dominant sequence (DWI for lesions in the PZ and T2WI for lesions in the TZ), with the relegation of DCE to a tie-breaker role when a lesion remains indeterminate on T2WI and DWI. In this study, T2WI and DWI were evaluated together for lesion characterization, without reference to DCE images. With regard to the Bland-Altman plots, the PI-RADS scores assigned from the CTD and MISS were within the limits of agreement (d − 1.96 s.d. and d + 1.96 s.d.), except for two cases, which means that there was no significant difference between PI-RADS based on CTD and MISS. The sensitivity and specificity for clinically significant cancer detection on MISS and CTD were the same, with both sequences exhibiting a high ability to predict the presence of clinically significant cancer. A previous study showed a similar result, in which a 3D T2-weighted sequence had the same level of diagnostic accuracy as a 2D turbo spin-echo (TSE) sequence for the detection of PCa, despite a substantial reduction in acquisition time. 11 Therefore, the diagnostic value of MISS should satisfy the clinical requirement.
There were several limitations to this study. First, according to the recommendation of PI-RADS v2, DWI scanning should employ high diffusion gradients, which may be helpful for highlighting index tumors of the prostate. 23 Therefore, MISS acquisitions with higher b-value (b: diffusion sensitivity coefficient) series should be tested; these may have a higher clinical value not only simplifying the scanning process but also providing more valuable data. Second, the lack of 
CONCLUSION
With reduced acquisition time, better lesion display, and higher contrast ratio, simultaneous acquisition of 3D T2WI and DWI of the prostate gland is feasible on 3T MRI and shows comparable diagnostic performance to conventional scanning sequences.
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